Adenosine 3':5'-cyclic monophosphate inhibits in vitro angiogenesis induced by endothelial cell growth factor.
The formation of new blood capillaries (angiogenesis) occurs in response to angiogenic factors released by either normal or tumoral cells. In the present study, we cultured human umbilical vein endothelial cells (HUVEC) on collagen gels and aimed to clarify the effects of cyclic nucleotides on angiogenesis induced by endothelial cell growth factor (ECGF). HUVEC invaded the underlying collagen matrix and formed tube-like structures when ECGF was added. ECGF (9.4 to 75 micrograms/ml) induced angiogenesis in a concentration-dependent manner; the effect reached a plateau at 75 micrograms/ml. Cyclic AMP (10(-3) M), dibutyryl cyclic AMP (10(-3) M), 8-bromo cyclic AMP (10(-5) M) and Sp-cAMPS (10(-3) M), a stimulator of cyclic AMP-dependent protein kinase, each significantly inhibited ECGF-induced angiogenesis by 64.2, 86.1, 46.5, 74.7%, respectively. Forskolin and cholera toxin, which are activators of adenylate cyclase, did not inhibit ECGF-induced angiogenesis. Dibutyryl cyclic GMP (10(-4), 10(-3) M) also did not affect the formation of capillary-like tubes induced by ECGF. In conclusion, cyclic AMP, but not cyclic GMP, inhibits angiogenesis in vitro. This antiangiogenic activity may be applicable to the treatment of such conditions as solid tumors, diabetic retinopathy and rheumatoid arthritis in which the suppression of angiogenesis is important.